ABSTRACT One hundred and sixty two people working in various departments of cotton spinning and weaving mills measured and recorded their own peak expiratory flow rate (PEFR) at two hourly intervals during Monday, Wednesday, and Thursday of the same work week, from waking in the morning throughout the day until going to bed and a last time the following morning after waking. The circadian rhythm in PEFR was computed by the Halberg program. The mean amplitude of the rhythm in the group was found to be 3 3% and the acrophase fell approximately in the middle of the waking hours. Older workers and those claiming to suffer from symptoms of chronic bronchitis were found to have an amplitude significantly higher (4.1% and 3-9% respectively) than their younger or symptom free counterparts (2.6% and 2*9% respectively; p < 0.03).
environment.
Of the many indices available for monitoring ventilatory function in man, the peak expiratory flow rate (PEFR) is probably the only index which can be measured simply and reliably. People can be easily taught to use a small, portable, inexpensive peak flow meter to measure their own PEFR. The index is thus justly popular for monitoring the ventilatory function of asthma sufferers in the home.
Hetzel and Clark' have shown that ventilatory function as monitored by the PEFR changes "rhythmically" during the day in normal, healthy adults as well as in people suffering from asthma.
From measurements of PEFR made four times daily for seven consecutive days they found the acrophase of this circadian rhythm to be at the midpoint of waking hours and the bathyphase to be during sleep in both groups. The amplitude of the change was 8% of the mesor (average value during the day) for normal people, whereas it was up to 25% for asthma sufferers. Similar results have been reported by others.25
Ventilatory function may be acutely affected by occupational exposure to dust, especially to that of vegetable or organic origin. Indices of expiratory capacity such as indirect maximum breathing capacity (IMBC), forced expiratory volume (FEV), forced vital capacity (FVC), and airway conductance have been found to decline considerably during the work shift, especially in workers with byssinosis exposed to airborne cotton dust in cotton spinning mills.6-8 Similar though less conspicuous effects have also been observed in workers exposed to airborne dust in flax,9 10 hemp,"I2 jute,7 '3 and wool mills'4 and in tobacco factories,'5 tea packing plants, furniture factories, '6 and coal mines. '" 18 In many cases the effects of dust exposure have been found to override the normal circadian rhythm in FEV and FVC that can be discerned from past surveys of lung function in other industrial workers.6 19-21 The information available on the circadian rhythm in PEFR in workers exposed to dust is inconclusive. 6 It has been suggested that histamine is released in the bronchi of those with byssinosis when they are exposed to cotton dust and that this causes bronchial constriction, which is reflected by an acute fall in ventilatory capacity. As this mechanism is not unlike that believed to operate when asthma sufferers are exposed to their allergen, byssinosis has been suggested to be possibly a form of occupational asthma. Circadian rhythms in peak expiratory flow rate in workers exposed to cotton dust The FEV1 and FVC were measured in triplicate before and after the work shift on each study day with a dry spirometer (Vitalograph). Both of these volumes were corrected to BTPS from the ambient temperature and pressure, read at the time of the measurement. The forced expiratory flow rates (FEF) after exhalation of 25% of FVC (FEF75) and 75% of FVC (FEF25) were estimated from the best curve on the Vitalograph.
The concentration of airborne dust less "fly" in the breathing zone was determined for each participant during his or her entire shift on all three study days with the Casella personal dust sampler. The sampling head, covered by a small wire gauze to exclude "fly," was attached to a harness (worn by each participant) near the clavical region and the pump was attached to the waist belt. The sampling rate was set to .2 1 min-' and frequently checked. The concentration of airborne dust in the general environment of the workshop where the participants worked was concurrently monitored with Rotheroe-Mitchell L60 dust samplers. Five or six such instruments were set up at a height of 1.5 m in the workshop at selected positions that covered the work zone evenly. The dust sample was drawn through a wire gauze cage of 23 x 27 x 37 cm and 2 mm mesh to exclude "fly" at a rate of around 55 1 min-', which was variable and had to be frequently checked. The samples were collected on glass fibre filters (GF/A), which were conditioned and weighed on a Cahn electromicrobalance before and after the sampling. The concentration of airborne viable bacteria was derived from two samples of 2 minutes' duration collected during each study shift at the same sampling positions as those for the environmental dust, the Anderson viable sampler (a six stage, multiple jet cascade impactor) being used. The bacteria were impacted on plates of nutrient agar medium, which were then incubated for 24 hours at 36°C and for a second 24 hours at room temperature, before the number of colony forming units (CFU) was counted and the CFU/m3 air was calculated from the rate and duration of sampling.
Results and statistical analysis RESPIRATORY SYMPTOMS QUESTIONNAIRE
The questionnaires show (table 1) that 64 participants claimed to suffer from symptoms of chronic bronchitis but not byssinosis (bouts of phlegm production during recent years for periods longer than three months at a time) and 17 cotton workers from symptoms of byssinosis (chest tightness or breathlessness, or both, during the first shift of the working week not attributable to any obvious cause). Most of the latter workers claimed to suffer also from symptoms of chronic bronchitis; all of them were employed in jobs they had held throughout their career in the cotton industry and they were all receiving a byssinosis pension (that is, they had been found to suffer from byssinosis by a pneumoconiosis panel). One byssinotic worker who had worked in a cardroom for 23 years claimed to suffer from clear symptoms of nocturnal asthma and displayed a circadian rhythm in PEFR with a highly consistent but exaggerated amplitude (25%) that differed from all others. For this reason he was excluded from the study after the initial stages of statistical analysis.
EXPOSURE TO AIRBORNE DUST AND BACTERIA All workers, except office staff, were exposed to airborne cotton dust. Concentrations measured in the breathing zone ranged on average from 0.59 to 4'63 mg/m3 (table 2). As expected, dust concentrations were highest in the mill where low grade cotton was spun and lowest in the weaving shed. Cardrooms were considerably dustier than subsequent workrooms and concentrations in the general environment were significantly less than those measured in workers' breathing zones by personal sampling. Concentrations of bacteria in the general environment varied from 1600 to 150 000 CFU/m3.
CHANGES IN FEV, FVC, AND FEF DURING WORKSHIFT
As observed before by others, the forced expiratory volume (FEV,) tended to fall slightly during the work shift in cotton spinners and to remain unchanged or rise slightly in weavers and office workers. Changes in volumes were smaller than those previously observed and were significant in only a few cases (table 2) . Changes in forced expiratory flow showed no particular pattern, most probably because of the very high variability in these indices, especially in FEF25 (table 2) . A small but significant increase in FEF7, during work shift could, however, be discerned in weavers and office workers.
CIRCADIAN RHYTHM IN PEFR
To analyse the circadian rhythm in PEFR, the maximum value (PEFR') was selected from each set of two hourly triplicate readings (the other two were discarded) and normalised to a percentage (P%) of the average PEFR' for the day (P% = 100 x PEFR'/mean PEFR'). When the mean P% values for all subjects and study days were plotted against the time of day a distinct circadian rhythm emerged (fig) . Scattergrams for individuals, however, varied considerably, some showing no apparent rhythm, others a very noticeable one.
To display the underlying rhythm we attempted to 761 762 Cinkotai, Sharpe, Gibbs Neither curve follows the asymmetry of the data particularly closely but the polynomial which registers a slightly higher peak 30 minutes earlier appears to fit somewhat better. (This was to be expected since it contained an extra term.) The difference was, however, not overwhelming and therefore we opted for the cosinor analysis, which has in the past been used in most circadian studies. Thus an increase in PEFR amplitude is significantly associated with age (p < 0.03) and symptoms of chronic bronchitis (p < 0.03) and a decrease in amplitude with employment in a cardroom (p < 0.04). There is no evidence that any other variable would have correlated with amplitude but is excluded from the regression because of its relationship with variables already selected. Accord- 
